The peanut (Arachis hypogaea L.) is an important oilseed crop in tropical and subtropical regions of the world. Oil content has an important quality trait for peanut. However, the progress in genetic improvement of oil content is slow. Therefore, identification of molecular markers for oil content trait is a great impact in molecular breeding. Nineteen RAPD and ten SSR primers were used to detect markers related to oil content in peanut. The five peanut cultivars were grown for two seasons (2013, 2014) in El-Nubaria, Al-Beheira Governorate, and Egypt. The results showed that, Gregory cultivar recorded the highest value of oil content, while Giza5 cultivar exhibited the lowest value of oil content in both seasons. The results indicated the presence of five positive and nine negative RAPD markers and two positive and one negative SSR markers that could be considered as reliable markers for oil content in peanut.
INTRODUCTION
Peanut, also called groundnut (A. hypogaea L.) , is a grain legume and oilseed, which is widely cultivated in tropical and subtropical regions (annual production of ~46 million tons). It has a key role in human nutrition (FAO, 2015) . China and India are the biggest peanut producers as they produce nearly 60% of the world's yield (USDA, 2010) . All parts of the peanut plant can be utilized and it can be used in various types of industries.
Peanut seeds contain high amounts of carbohydrate (20%), protein (25-30%), edible oil (43 -50%) and fiber (5%) and ash which make a substantial contribution to human nutrition, including unsaturated fatty acids, tocopherols, phytosterols and phenolic compounds and antioxidants such as oleic acid, while also being one of the most widely used legumes due to their taste (Akhtar et al 2014) .
The oleic to linoleic acid ratio is considered to be an indicator of peanut oil stability, and it is a shelf-life index for industrial applications (Bolton &
Sanders, 2002 and Campos-Mondragón et al 2009).
Over 60% of global peanut production is crushed for extraction of oil for edible and industrial uses, while 40% is consumed in food uses and others such as seeds for sowing the next season crop (Birthal et al 2010) .
Increasing the growing area of oil seed crops out of the Nile valley is considered as a good way to reduce the competition with other main summer crops (maize, rice and cotton). Peanut can be grown successfully in newly reclaimed sandy soil; this approach is needed in increasing seed and oil production (Shaban et al 2009). It can play an important part in decreasing the gap between production and consumption (~90%) in Egypt (FAO, 2009). The cultivated area of peanut in Egypt during 2014 was about 57, 321 hectares with a total production of 183,438 tons (FAO, 2015) .
Oil content has been an important quality trait for peanut. However, the progress in genetic improvement of oil content is slow. This is mainly due to the complex genetic basis, the high cost in oil content testing, and difficulty in phenotypic selection because of environmental influence. Therefore, marker assisted selection (MAS) is necessary for oil content improvement in peanut breeding (Huang et al 2011). (Edwards et al 1992) .
The molecular markers are efficiently employed in breeding programs MAS. Markers not only eliminate the need of chemical analysis and phenotypic evaluation in the early generation breeding program, but also minimize the time required to develop new genotypes with desirable traits. Among the molecular markers, Simple Sequence Repeats (SSRs) are useful for marker-assisted selection of oil content in peanut (Eskandari et al 2013).
SSRs are codominant marker thus heterozygote produces two bands revealing the amplification of the two loci and could be readily identified. SSR co-dominancy increases the accuracy and efficiency of population genetic measures based on these markers compared with other markers (Wu et al 2010) .
The objective of this study was to detect DNA markers associated with oil content in peanut using RAPD and SSR-PCR techniques.
MATERIALS AND METHODS

Materials
Five peanut cultivars namely; Giza 5, Giza 6, Ismailia-1, Gregory and R92 were used in this study, they were obtained from Oil Crop Research Department, Field Crops Institute, Agriculture Research Center, Giza, Egypt. This study were conducted at the Department of Genetics, Faculty of Agriculture, Ain Shams University, Shoubra ElKheima, Egypt and Field Crops Department of the National Research Center, Dokki, Giza, Egypt during the period from 2012 to 2017.
Methods
Field experiment
These five peanut cultivars were grown for two seasons (2013, 2014) in a randomized complete block design with five replications at the Research and Production Station of the National Research Center in El-Nubaria, Al-Beheira Governorate, Egypt, to evaluate the performance of these cultivars for oil content and some related traits. The data were recorded for oil, Oleic acid, Linoleic acid contents and O/L ratio traits in both the two seasons. Oil content was estimated using Soxhlet apparatus, while oil quality with respect to Oleic acid and Linoeic acid contents was estimated using Gas Chromatography according to A.O.C.S. (2012) O/L ratio was calculated as the ratio of Oleic acid to Linoleic acid.
Statistical analysis
The collected data for these four traits from the five tested peanut cultivars were statistically analyzed using analysis of variance (ANOVA) procedure according to Snedecor and Cochran (1969). The differences among means were compared using Duncan's new multiple ranges test (Duncan, 1955) .
Molecular genetic studies
Genomic DNA extraction
Total genomic DNA was extracted from dry seeds of the five tested peanut cultivars according to (Yu et al 2010) . Approximately a 0.2g of dried seed was placed into a 1.5 ml tube with a 200μl of DNA extraction buffer [10 mM Tris-HCl (pH 7.6), 5 mM EDTA, 0.5% SDS, 0.5% NP-40, 0.5% Tween-20, 5 mg/ml PVP 40, 80 μg/ml proteinase K] and ground with a plastic pestle until a milky-white solution or a paste was formed. The tube was then incubated in a 55ºC water bath for 20 min for cell lysis and protein digestion. After digestion was completed, a 200μl of phenol-chloroform-isoamylol (25:24:1, V/V/V) was added to the tube to remove proteinase K. After centrifugation at 9,000 xg for 5 min, the supernatant was collected (~150 μl) in a sterile eppendorf tube with an equal volume of isopropanol. The mixture was gently mixed and centrifuged at 10,000 xg for 2 min to precipitate the DNA. The dried DNA pellets were then dissolved in a 150 μl of TE buffer.
RAPD-PCR analysis
PCR reactions were performed according to (Williams et al 1990 ) using 19 arbitrary 10-mer primers ( Table 1) . The reaction conditions were optimized and mixtures (25 μl total volume) consisted of a 2 μl of DNA template (25 ng / μl), a 2 μl of primer, a 0.5 μl of dNTPs (2.5 mM), a 2.5 μl of Mgcl2 (2.5 mM), a 2.5 μl of 10X buffer, Taq DNA polymerase (1U/ μl) and H2O up to 25 μl. Amplifi-
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Arab Univ. J. Agric. Sci., 26(1), 2018 283 cation was carried out in a Primus Thermocycler, which programmed for 37 cycles as follows; denaturation, 94°C/2 min (one cycle), annealing, 94°C / 1 min, 37°C/1 min, 72°C/2 min (35 cycles), extension, 72°C/10 min (one cycle), then kept at 4°C until use. Agarose gel (1.5 %) electrophoresis was used for separating the PCR products. The run was performed at 100 volts for about one hour. DNA marker used in this study was 1kb DNA ladder which consists of ten different DNA fragments (1000, 900, 800, 700, 600, 500, 400, 300, 200 and 100 bp). 
SSR-PCR analysis
Ten developed SSR primers were used for the amplification of SSR bands among the five tested peanut cultivars as shown in Table ( 2) which were employed to detect DNA markers associated with oil content. These primers were selected from various published sources (Moretzsohn et 
Analysis of gel images
All fragments resulting from RAPD and SSR gels were detected on an UV transilluminator filter. All gels were photographed under UV light with Polaroid film 667 and scanned with Bio-Rad video densitometer Model 620 at a wavelength of 577. The gel image was analyzed using the Total lab TL 120 to determine the molecular sizes of the amplified fragments. The amplified fragments were scored as present (1) or absent (0). 
RESULTS AND DISCUSSION
Field experiment data analysis
Analysis of variance for oil, Oleic acid, Linoleic acid contents and O/L ratio traits revealed significant variations among the five tested peanut cultivars and summarized in the Table ( 3). Means of oil content trait of all cultivars in 2013 season were higher than in 2014 season. These differences may be due to difference in the genetic make up of the tested cultivars and also oil content trait is often influenced by environment. Mean of oil content trait values were significantly varied among the tested cultivars, which ranged from 53.3 and 52.8% for Gregory to 45.2 and 45.1% for Giza-5 in the 2013 and 2014 seasons, respectively. It was clear that the highest value of Oleic acid content (57.7, 52.8%) and O/L ratio (2.6, 2.1) traits were recorded by Gregory cultivar in the two seasons. Although, this cultivar gave the lowest Linoleic acid content (22.6, 27.1%) in the two seasons. Gregory cultivar was more suitable for oil quality as compared with the other cultivars.
According to their oil content trait, Gregory cultivar was chosen as the highest oil content one, while Giza 5 cultivar was chosen as the lowest oil content one and the other 3 cultivars in the midst as shown in Table ( 3). The two cultivars; Gregory and Giza 5 were used to obtain RAPD and SSR markers associated with oil content.
These results are in harmony with those obtained by (Migawer et al 2001 and El-Saady et al 2014) who found significant differences among the tested cultivars concerning seed oil and protein contents. Similar results were obtained by
Mahrous et al (2015)
who found that Gregory cultivar showed the highest seed oil content (52.22 %). Also, Gulluoglu et al (2016) found that oil content of peanut varieties varied between 46.96-51.55% on based of dry weight and the highest oil content (51.55%) was reported in Georgia Green and the lowest (46.96%) was in Flower-22 varieties.
RAPD markers for oil content
DNA isolated from the five peanut cultivars were tested against nineteen primers. The nineteen primers revealed a polymorphism with the five tested peanut cultivars, which only ten developed molecular markers for oil content as shown in Figure (1) and summarized in Table (4). OP-A05, OP-A07, OP-A10, OP-D10 and OP-Z12 primers exhibited five positive molecular markers with molecular sizes of 241 bp for OP-A05, 489 bp for OP-A07, 443 bp for OP-A10, 451 bp for OP-D10 and 413 bp for OP-Z12 primers, which were found only in the highest oil content cultivar (Gregory), while they were absent in the all other cultivars beside the lowest oil content one (Giza 5).
On the other hand, OP-A04, OP-A07, OP-A11, OP-B04, OP-Z02 and OP-Z15 primers exhibited nine negative molecular markers with molecular sizes of 811 bp for OP-A04, 224bp for OP-A07, 584 bp for OP-A11, 801, 680, 172 and 141bp for OP-B04, 377 bp for OP-Z02 and1104 bp for OP-Z15 primers, which were found only in the lowest oil content cultivar (Giza 5), while they were absent in the all other cultivars beside the highest oil content one (Gregory). These five positive and nine negative RAPD markers could be considered as reliable markers or oil content in these peanut cultivars.
These results agreed with (Rajcan et al 1999) reported a RAPD markers associated with seed oil content in B. napus.
SSR markers for oil content
SSR primers were used in this study to detect DNA markers related to oil content. DNA isolated from the five peanut cultivars were tested against four pre-selected primers as shown in Figure ( 2) and summarized in Table (5) . Out of the ten used primers, only four primers revealed a polymorphism with the five peanut tested cultivars, which only two primers developed molecular markers for oil content.
PM 36 primer exhibited two positive SSR markers with molecular sizes of 255 bp and 204 bp, which were found only in the highest oil content cultivar (Gregory), while they were absent in the all other cultivars beside the lowest oil content one (Giza 5).
IPAHM 103 primer exhibited only one negative SSR marker with molecular size of 209 bp, which was found only in the lowest oil content cultivar (Giza 5) and was absent in the all other cultivars beside the highest oil content one (Gregory).
These two positive and one negative SSR markers could be considered as reliable markers for oil content in these peanut cultivars. These results agreed with many reports detected SSR markers for oil content, Selvaraj et al (2009) who showed that PM36 SSR marker was associated with oil content in peanut. At the same time Huang et al (2012) found another SSR marker, 2A5-250/240, was tightly linked to the oil content trait in peanut cultivars. Anitha et al (2014) reported that the PM36, PGS19D09 and IPAHM103 primers were associated with oil content of groundnut. Sheng et al (2016) used SSRs marker for understanding the genetic control of seed oil content in B. napus. These results could contribute to the enhancement of oil yield through early prediction of high oil content peanut cultivars using RAPD and SSR markers. andPGPseq2A5) with the five tested peanut cultivars (M= Marker, R92, Is=Ismailia-1, Gr = Gregory as a highest oil content, G6 = Giza 6, and G5 = Giza 5 as a lowest oil content). Table 5 . Presence and absence of SSR-PCR fragments of the four tested primers with the five tested peanut cultivars ( R92 , Is=Ismailia-1, Gr = Gregory as a highest oil content, G6 = Giza 6, and G5 = Giza 5 as a lowest oil content). 
CONCLUSION
The results of the field experiment showed that Gregory revealed the highest oil content cultivar, while Giza 5 cultivar showed the lowest oil content one. The present study used RAPD and SSR primers to detect some markers related to oil content. RAPD-PCR exhibited five positive and nine negative markers, while SSR exhibited two positive and one negative markers for high oil content. The information generated through this study indicated that there are potential markers for use in early prediction to improve oil content trait in peanut cultivars by molecular breeding program.
